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In this batch study, the adsorption of malathion by using granular activated carbon with different param-
eters due to the particle size, dosage of carbons, as well as the initial concentration of malathion was
investigated. Batch tests were carried out to determine the potential and the effectiveness of granular
activated carbon (GAC) in removal of pesticide in agricultural run off. The granular activated carbon;
coconut shell and palm shells were used and analyzed as the adsorbent material. The Langmuir and
Freundlich adsorption isotherms models were applied to describe the characteristics of adsorption
behavior. Equilibrium data ﬁtted well with the Langmuir model and Freundlich model with maximum
adsorption capacity of 909.1 mg/g. The results indicate that the GAC could be used to effectively adsorb
pesticide (malathion) from agricultural runoff.
 2010 Elsevier Ltd. All rights reserved.1. Introduction
The adsorption process using activated carbon is becoming an
important process in the treatment of industrial wastewater and
puriﬁcation of drinking water. The organic chemicals such as
malathion are often responsible for taste, odor and color problems.
Therefore, the adsorption by activated carbon can generally be
used to improve such impurities. Adsorption is a surface phenom-
enon in which adsorbate is held onto the surface of activated car-
bon by Van der Waals forces and saturation is represented by
equilibrium point. It is one of the well-known methods used in
the removal of such hazardous compounds from polluted waters
(Acharya et al., 2009). Activated carbon becomes versatile adsor-
bents with a wide range of applications that concerns principally
with the removal of impurity species by adsorption from the liquid
or gas phase. Activated carbon adsorption has proved to be the
least expensive treatment option, particularly in treating low
concentrations of wastewater streams and in meeting stringent
treatment levels (Acharya et al., 2009; Babel and Kurniawan,
2003). The characteristic of activated carbons itself with their large
surface area, microporous character and chemical nature of their
surface have made them potential adsorbents for the removal of
heavy metals from industrial wastewater. Adsorption is a physical
phenomenon, depending largely upon surface area and porell rights reserved.
60 9 6694660.volume. Surface area of activated carbon typically is in the range
of 300–2500 m2/g (Ansari and Sadegh, 2006). The adsorption per-
formance of organic pollutants found in aqueous conditions de-
pends on the microspores in activated carbon for which
adsorbent is concern, activated carbon is common versatile adsor-
bent used for removing organic compounds and it is usually regen-
erated by thermal reactivation or caustic washing. Activated
carbon becomes versatile adsorbents with a wide range of applica-
tions that concerns principally with the removal of impurity spe-
cies by adsorption from the liquid or gas phase. It is also used as
catalyst support, in waste water treatment, in sugar syrup puriﬁca-
tion, in air pollution control as well as in the pharmaceutical and
chemical industries. Almost any carbonaceous material can be
used as precursor for the preparation of activated carbons (Acharya
et al., 2009). For instance, adsorption performance of activated car-
bon originated from oil palm shell (Collin et al., 2005), coconut
shell (Dwivedi et al., 2008) wood and dust coal activated carbons
(Singh et al., 2008), rice husk carbon (Sahu et al., 2009), ﬂy ash
(Rastogi et al., 2008), nut shell (Nomanbhay and Palanisamy,
2005). Wood, peat, and lignite are commonly used for the decolor-
izing materials. The large pore size permits the water pollutants to
enter the carbon particle where they are adsorbed. The particle size
of activated carbon affect the performance of adsorption of
activated carbon; the smaller the particle size of activated carbon,
the faster toxic substances are removed and the smaller the
particle size of activated carbon, the larger the contact surface area
to adsorb. Therefore, it is assumed that the increase of contact
surface area accelerated the removal of pesticide onto activated
Nomenclature
R2 correlation coefﬁcient
qe amount of adsorbate adsorbed per gram of activated
carbon
qt amount of adsorbate adsorbed per gram of activated
carbon (pseudo second order)
Ce equilibrium concentration
q0 equilibrium concentration
kf adsorption capacity for Freundlich adsorption isotherm
1/n Freundlich empirical constant
a adsorption capacity for Langmuir adsorption isotherm
b Langmuir constant
CSAC coconut shell activated carbon
PSAC palm shell activated carbon
GAC granular activated carbon
SEM scanning electron microscopy
FTIR Fourier transform infrared spectroscopy
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internal surface of carbon compared to others which means a loss
in adsorption potential.
Malathion is a broad spectrum organophosphate insecticide and
miticide ﬁrst registered in 1956. Malathion has numerous com-
mercial agricultural, industrial, governmental, and homeowner
uses. In 2000, approximately 11–13 million pounds of malathion
were used annually; currently, approximately 15 million pounds
are used annually (Edwards, 2006). Many studies reported that
the main pesticide residues were organophosphate (Bai et al.,
2006; Dalal et al., 2006). Organophosphorous pesticides (OPPs)
are a group of highly toxic agricultural chemicals widely used in
plant protection. Common members of the family are methylpara-
thion, malathion, dimethoate, phosphamidon, phorate, ﬁenitrothi-
on and monocrotophos (Senthilkumaar et al., 2010).
There are many methods to treat raw water for its possible
harmful organics caused by malathion contamination. This in-
cludes destroying ozonization, oxidation, disinfection, photocataly-
sis or removal by adsorption. Among these techniques, adsorption
has proved to be the most appropriate method to treat efﬂuents
that offering advantages over conventional process (Ravikumar
et al., 2007).
The objective of this study is to determine the efﬁciency of GAC
in removing insecticide; which is malathion from aqueous solu-
tion. The effectiveness of activated carbon to remove pesticide
can be used as an alternative medium to treat the contamination
from a water environment or wastewater. At the early stage of
the study, the batch tests were conducted to investigate the
adsorption capacity of malathion onto granular activated carbon.
The Freundlich and Langmuir adsorption isotherms were used to
evaluate the adsorption capacity of GAC.2. Methods
This section explained about the materials that were used in
this study and the methodologies conducted for this study. The
method starts from activated carbon characterization until its
application in aqueous solution.Table 1
Main characteristics of the GAC.
Parameters Value
CSAC PSAC
Ash content (on dry basis) (%) 1.0259 ± 0.02a 1.0099 ± 0.01a
Moisture content (%) 5.22 ± 0.00a 5.52 ± 0.00a
pH 8.47 ± 0.01a 5.90 ± 0.07a
Particle size 8–20 mesh 8–20 mesh
a Results are expressed as means ± standard deviation; values are means of
triplicates: n = 3.2.1. Adsorbent and sorbent
Malathion; 95% of active ingredient was supplied by Sigma
Aldrich. Solutions were prepared with distilled water passed
through aMili-Q water puriﬁer (Milipore Corporation). The sorbent
utilized were of two types of commercial activated carbon (made
from coconut and palm shells) supplied by a local manufacturer.
The raw material procured from the manufacturer was in the form
of small, spherical, black brownish in color with standard sizes of
0.8–1.5 mm. The activated carbon was crushed and sieves into
two sizes (1.0 and 0.063 mm), washed with distilled water to re-
move ﬁnes and impurities, oven dried at 110 C for 24 h and stored
in plastic containers for further use. The physico-chemical proper-ties of the adsorbent are summarized in Table 1. The adsorbent was
characterized with the aim of assessing its various physical and
chemical properties, so that a better interpretation of the mecha-
nism involved during the adsorption process can be provided.
The preliminary behavior of the selected pesticide was determined
spectrophotometrically on a Cary 50 UV Spectrophotometer at
230 nm kmax. A morphology investigation was carried out by
scanning electron microscope (SEM), model JOEL JSM 6360 LA,
Japan. Transmission infrared analysis of the activated carbons
was performed on a Nicolet DXC20 FTIR spectrometer which con-
sisted of liquid nitrogen cooled mercury–cadmium–telluride
detector and a Spectra Tech diffuse reﬂectance accessory. Surface
area and pore size distributions for the samples were measured
using a Micro-meritics ASAP 2010 surface area analyzer that uses
a nitrogen adsorption–desorption method.2.2. Adsorption studies
Adsorption of malathion onto coconut and palm shells activated
carbon was monitored spectrophotometrically and the absorbance
data of malathion obtained in thirty-minute intervals during the
course of adsorption were converted into concentration data using
the corresponding calibration curves. Then the concentrations
were plotted as a function of time. The adsorption of malathion
onto both GAC was studied under the range of temperature
30–80 C using two different sizes of particle; 1.00 and 0.063 mm
by employing the batch method. The measurement of adsorption
kinetics of the adsorbents was carried out by shaking the amount
of carbon dosage that used (1.0 g) samples of adsorbents with
20 mL of malathion solution of known concentration; 7 lg L1 in
250 mL conical ﬂask. The ﬂasks containing malathion solution
and both types of GAC were placed in a shaker and agitated for a
speciﬁed time and at a ﬁxed agitation speed of 200 rpm. The
removal kinetics of the malathion was investigated by taking
samples of the solution after the desired contact time (30–
300 min) with 30 min time intervals and ﬁltrate was analyzed for
its malathion concentration by spectrophotometrically at kmax
230 nm of the adsorbate. Triplicate samples for each sorbent size
were used in a duration time of 300 min.
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as follows;
qt ¼ ðC0  CÞ
V
m
ð1Þ
where C0 and C are the initial and ﬁnal concentrations, respectively
of the adsorbate in solution (lg L1), V the volume of solution (L)
and m is the mass of adsorbent (g).3. Results and discussion
3.1. Physical and chemical characterization of the adsorbents
The surface areas of coconut shell activated carbon (CSAC) and
palm shell activated carbon (PSAC) was measured using a Microm-
eritics ASAP 2010. Table 2 shows the value of surface area, pore
volume and pore radius of both CSAC and PSAC. Based on Table 2,
the value of pore radius of CSAC is 21.781 Å that falls under the cat-
egory of mesopores whereas PSAC with pore radius of 17.270 Å
falls under the category of micropores. The results show that BET
surface areas of the CSAC (850 m2/g) is slightly higher as compared
to the PSAC (788 m2/g). According to Cameron Carbon Incorpo-
rated, 2006 this phenomenon indicates the characteristic of coco-
nut shell based carbon which has a predominance of pores in the
mesopores range and accounts for 95% of the available internal
surface area. Therefore, CSAC has the characteristics of being more
porous than that of the PSAC.
Based on SEM images, it was found that the adsorbent has an
irregular structure and porous surface with the external pore size
varies from 1.14 to 2.35 lm for CSAC and 0.15 to 1.09 lm for PSAC.
Therefore, it can be considered that the CSAC has the characteristic
of being more porous than that of the PSAC.
FTIR is used for the identiﬁcation and quantitation of organic
species and is capable of ultra trace organic analysis. The results
show several pronounced peaks at wave length of 1208.45, 1718
and 2345.48 cm1 for CSAC and at 1718 and 3306.63 cm1 for PSAC.
There are a few similarity carboxylic group occur in both CSAC and
PSAC especially at the wavelength of 1718 cm1. Both adsorbents
show the strong and broad stretching band at wavelength
1718 cm1 which indicates carboxylic (ACOOH) group vibrations.
Therefore, it shows that both adsorbents (CSAC and PSAC) possibly
have harmonized properties of physical and chemical nature of
surface functional groups.
Furthermore, according to the standard spectrum table, the
peak value of CSAC at wavelength of 1208 cm1 indicates the ether
group, 1718 cm1 represents the carboxylic group and 2345 cm1
depicts the carbonAnitrogen bond compound such as nitro-meth-
ane. On the other hand, the peak values of PSAC at wavelength of
3306 and 1718 cm1 represent the carbon–alkynes compound
and carboxylic groups, respectively. The molecular formula of
malathion (C10H19O6PS2) speciﬁcally shows the carbon bonding
with the oxygen, hydrogen, phosphorous and sulfur atoms. The
existence of the carbon atom in the chemical structure of mala-
thion gives the double bond chain between malathion and the
functional group that contain in CSAC and PSAC during the adsorp-
tion process. Therefore, this behavior shows the effective perfor-
mance of adsorption process. Although both of adsorbents (CSACTable 2
BET surface area of CSAC and PSAC.
GAC Surface area (m2/g) Pore volume (cm3/g) Median pore radius (Å)
CSAC 850 281 21.781
PSAC 788 261 17.270and PSAC) have carbon atoms in their molecules, it seems that CSAC
shows a better performance as compared to PSAC since it has more
functional groups. As a result, CSAC gives a better adsorption
performance as compared to the PSAC (Chingombe et al., 2005).
3.2. Adsorption isotherms of malathion
The adsorption isotherm data for malathion adsorption were
plotted and presented in Fig. 1. The following expressions of a
straight line were described by Langmuir and Freundlich isotherms
as shown in Eqs. (2 and 3), respectively;For Langmuir isotherm
Ce=qe ¼ ð1=abÞ þ ðCe=aÞ ð2Þ
where Ce is the equilibrium malathion ion concentration (mg/L), qe
the amount of malathion adsorbed at equilibrium (mg/g) and a
(mg/g) and b (1/mg) are Langmuir constants related to adsorption
capacity and afﬁnity of the binding sites, respectively.For Freundlich
isotherm:
log qe ¼ log kf þ
1
n
logCe ð3Þ
where kf and n are the Freundlich constants incorporating all factors
effecting adsorption capacity, an indication of favourability of mal-
athion adsorption onto both activated carbon. The adsorption
capacity is indicate as kf and the value of the empirical constant
1/n is related to the energy of adsorption effectiveness of activated
carbon. Linear plots of Ce/qe versus Ce and qe versus Ce show that the
adsorption follows Langmuir and Freundlich isotherm models as
presented in Tables 3 and 4.
From the linearization of both equations onto the experimental
data, it was found that the correlation coefﬁcient, (R2) obtained for
the Langmuir equation was in the range of 0.89–0.98 while the cor-
relation coefﬁcient, (R2) obtained for the Freundlich equation was
in the range of 0.78–0.98. The detailed of the correlation coefﬁ-
cient, R2 for the Langmuir and Freundlich equations are shown in
Tables 3 and 4. The nearer the value of correlation coefﬁcient to
one, the better equation ﬁts to the experimental data. It seems that
Langmuir adsorption isotherm ﬁtted the experimental data slightly
stronger than the Freundlich adsorption isotherm. Based on these
tables, it indicates that CSAC has the stronger correlation of R2 as
compared to PSAC for both Langmuir and Freundlich isotherm.
Therefore, CSAC that has more regular and porous structure than
that of PSAC could contribute to the stronger correlation of R2.
According to the Langmuir equation isotherm which indicates
the monolayer sorption onto a surface with a ﬁnite number of
identical sites, the constant a is the adsorption capacity of adsor-
bate adsorbed onto GAC to form a monolayer, whereas, b repre-
sents the afﬁnity of binding sites. In this study, adsorption
capacity of malathion for CSAC with sizes of 0.063 and 1.0 mm
(909.1 and 666.1 mg/g) was higher than that of PSAC (555.6 and
181.8 mg/g). This could be due to the large surface area, pore vol-
ume and pore radius size of CSAC as compared to the PSAC. The re-
sult also shows that the particle size of activated carbon affects the
performance of adsorption. The smaller the particle size, the faster
the toxic substances removal. The smaller particles size provide
slightly higher external contact surface that contributes to the
enhancement of pesticide removal onto activated carbons.
The value of afﬁnity binding site, b obtained from the Langmuir
isotherms with particle sizes of 0.063 and 1.0 mm for CSAC were
0.056 and 0.051 L/mg and for PSAC were 0.044 and 0.08 L/mg.
The higher value of b indicates functional group exist in CSAC has
stronger chemical bonding with the adsorbate (malathion) as com-
pared to PSAC. There is a similar pattern show by the Freundlich
isotherm where the adsorption capacity, kf, for the CSAC (1.63
and 1.5 mg/g) which is much higher than that of PSAC (1.47 and
0.92 mg/g) for both particles sizes of 0.063 and 1.0 mm. Normally
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Fig. 1. Linearised form of (a) Langmuir isotherm and (b) Freundlich isotherm for adsorption of malathion for different sizes of particle 1.00 and 0.063 mm for CSAC and PSAC.
Table 3
The parameters of Langmuir isotherm equations for the adsorption of malathion.
Particle sizes (mm) GAC a b R2
1.0 CS 666.1 0.051 0.9752
PS 181.8 0.080 0.8916
0.063 CS 909.1 0.056 0.9768
PS 555.6 0.044 0.9627
Table 4
The parameters of Freundlich isotherm equations for the adsorption of malathion.
Particle sizes (mm) GAC kf 1/n R2
1.0 CS 1.5 0.89 0.9647
PS 0.9284 0.9 0.7838
0.063 CS 1.63 1.62 0.9859
PS 1.47 0.78 0.8441
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CSAC than that of PSAC as shown in Table 2 would contribute to the
higher adsorption capacity. On top of that, CSAC has a wide distri-
bution of pore sizes and its surface is acidic in nature whereas the
PSAC has narrow distribution of pore sizes and its surface is basic in
nature.
The CSAC indicates the presence of a wider spectrum of sur-
face functional group as compared to PSAC and it tends to have
the strong chemical bonding between the carboxylic group and
adsorbate (malathion), which affected the performance of
adsorption process. Therefore, this phenomenon will contribute
to the higher value of the empirical constant 1/n, which is re-
lated to adsorption energy in CSAC as compared to PSAC (Ching-
ombe et al., 2005).3.3. Adsorption kinetics of malathion
3.3.1. Effect of contact time
The adsorption of malathion onto both adsorbents was moni-
tored and calibrated spectrophotometrically by the absorption
properties and calibration data. Absorbance data of malathion
obtained in thirty-minute intervals during the adsorption were
converted into concentration data using the corresponding calibra-
tion curves. Then, the equilibrium concentrations of malathion
were plotted as a function of time. Fig. 2 shows the adsorption
behaviors of malathion in aqueous solutions onto both adsorbents
at different particle sizes of 1.00 and 0.063 mm. Based on Fig. 2,
fast sorption occurred during the ﬁrst 60 min and the equilibrium
was achieved after about 150 min for both adsorbents and particle
sizes. Although the rate of uptake of malathion was relatively slow
at the beginning, it became rapid after 60 min and achieved about
90% of adsorption for all sizes of particle of both adsorbents after
150 min. It was found that the initial malathion concentration of
7 lg L1 was reduce to the concentration of about 1.75 and
1.8 lg L1 for CSAC as well as 2.0 and 2.09 lg L1 for PSAC at
respective sizes of 0.063 and 1.0 mm. Therefore, all these ﬁnal mal-
athion concentrations are well below the safety limit concentration
of 3 lg L1. The effect of smaller particle size is just slightly better
in terms of malathion removal for both adsorbents.3.3.2. Effect of temperature
The adsorption process normally consists of chemisorptions and
physisorption depending on their temperature condition. The
physisorption process occurs at the lower temperature
(30–50 C) whereas the chemisorptions process are more domi-
nant a higher temperature (60–80 C), according to Figs. 3 and 4,
the adsorption performance achieved maximum level at about
60 C was reduced due the desorption occurred at about 80 C.
01
2
3
4
5
6
7
0 50 100 150 200 250 300 350
Eq
ui
lib
riu
m
co
nc
en
tra
tio
n,
C
e(
µg
/L
)
Time (minutes)
CS AC 1.0mm
CS AC 0.063mm
PS AC 1.0mm
PS AC 0.063mm
Fig. 2. Adsorption behaviors of malathion from aqueous solutions onto coconut shell and palm shell activated carbon with different particle size of 1.00 and 0.063 mm.
Fig. 3. The effect of temperature of malathion in aqueous solutions onto CSAC with different particle size of (a) 1.00 mm and (b) 0.063 mm.
5316 A. Jusoh et al. / Bioresource Technology 102 (2011) 5312–5318Desorption process normally occurred between adsorbate and
adsorbents at high temperature (80 C), which is dominated by
the physical bond of van der Waals forces. Furthermore, the adsor-
bates, which are physically bonded received sufﬁcient energy offhigh temperature to overcome the van der Waals forces. Since
the adsorption performance is greater at high temperature, the
chemisorptions are more likely to occur as compared to
physisorption.
Fig. 4. The effect of temperature of malathion in aqueous solutions onto PSAC with different particle size of (a) 1.00 mm and (b) 0.063 mm.
A. Jusoh et al. / Bioresource Technology 102 (2011) 5312–5318 53174. Conclusion
The coconut shell activated carbon (CSAC) with higher BET sur-
face area, pore volume and external diameter performed better
adsorption as compared to palm shell activated carbon (PSAC).
The effect of smaller particle size of both activated carbon shows
slightly better performance in terms of malathion removal. Since
the adsorption performance is greater at high temperature
(60–80 C), therefore the chemisorptions are more dominant than
the physisorption. Based on the adsorption isotherm, both
Freundlich and Langmuir isotherm models ﬁtted well with the
experimental data of malathion adsorption onto CSAC and PSAC.
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